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•
We propose a new surface treatment for wood based on natural wax particles.
11
• The developed coating was compared to continuous wax film, lacquer and linseed oil.
12
• The treatment increases the hydrophobicity of the wooden surface.
13
• The ability of the surface to buffer moisture vapor was enhanced by the coating.
Introduction

34
For centuries, wood has been used extensively by humankind. Renewability, strength, visual 35 appearance and good thermal insulation properties made it the material of choice for many for green and renewable materials, including wood, is increasing.
42
Another important property of wood is hygroscopicity or, in other words, the ability to attract, 43 hold, and release water molecules [1] . Hygroscopicity is often considered to be a negative Nevertheless, recent findings suggest that the hygroscopicity of wood can also be rather beneficial.
57
The ability of a wooden material to store and release moisture helps it to regulate the indoor climate 58 naturally, and to decrease humidity variations. This phenomenon, known as moisture buffering, is Refined carnauba wax was purchased from Sigma Aldrich in the form of pellets.
106
The wax particles used to form the discontinuous coating were produced by melting the wax and 107 dispersing it in water using a Polytron homogenizer PT2000 (Kinematica AG). The wax particles 108 that were obtained were mostly spherical in shape and had a size distribution ranging from 109 hundreds of nanometers to tens of micrometers. In order to make the coating less visible on the 110 surface, the dispersion was filtered using qualitative grade paper filter retaining particles bigger 
145
During the moisture buffering measurements, the samples were exposed to cycles of high (75% 146 for 8 hours) and low (33% for 16 hours) levels of RH. The duration of one full cycle was 24 hours.
147
The mass of the specimens was recorded at the end of both RH periods and at four times during 148 the period when the specimen was exposed to a RH of 75%. 
Water Contact angle (CA)
150
The contact angle of water on unmodified and coated wooden surfaces was determined using a 
Imaging and topography characterization 158
Scanning Eelectron Microscopy (SEM) was performed with a JEOL JSM-7500FA (JEOL Ltd.,
159
Tokyo, Japan) analytical Field Emission Scanning Electon Microscope using 2-5kV acceleration voltage. In order to avoid charging and to enhance the signal from the sample, the wooden 161 specimens were sputter coated with gold before the imaging. Tallinn, Estonia) with driving frequencies around 300-360 kHz were used for imaging. According 169 to the manufacturer, the radius of the tip was less than 10 nm. The surface of each sample was 170 imaged in at least three different places. 
Results and Discussion
172
In order to preserve the moisture buffering effect of wood but still improve resistance to liquid 173 water, a method based on surface coating using colloidal wax particles was investigated. upon an increase in RH, and when the RH decreased, moisture was released from the wood sample.
184
The samples with a continuous wax film did not react much to changes in RH. Declining tendency 185 of the mass in Figure 2 can possibly be attributed to the fact that moisture buffering experiments
186
were simulating daily changes in relative humidity and the "dry" period was much longer than the
187
"wet" period (75% RH for 8 hours and 33% for 16 hours). Additionally, desorption of moisture is 188 faster than adsorption when the relative humidity is high [35] , and this could also have played a 189 role.
190
The MBV values for the radially and tangentially cut surfaces with various treatments are shown and tangential surface).
211
Interestingly, an increase in the MBV of samples coated with wax particles most probably cannot 212 be attributed to the chemical nature of the wax as it is hydrophobic and does not absorb water.
213
However, as will be shown later (Table 1) 
Hydrophobicity of the treated wood
216
In this work the possibility of developing a coating for wood that repels liquid, slowing down the 217 penetration of water, but allowing moisture vapor permeation and moisture buffering has been 218 explored. The hydrophobicity of the surface has been studied by means of water CA measurements
219
and results are presented in Figure 4 . Standard deviation of CA for wax film and lacquer coating 220 never exceed the value of around 3º and thus is not shown for the simplicity of the graph. AFM image in Figure 6 . A solid layer of wax, on the other hand, appears to be smooth and 257 continuous (Fig. 5b) , completely covering the natural features of the wood surface. The small 258 structures seen on the surface were probably formed during air-drying of the film. 
265
To gain further understanding of the roughness of the final coated surfaces, topography maps were 266 acquired with a 3D optical microscope and the area roughness parameters (Sq) were calculated for 267 an area of 0.3 mm 2 on each sample. As can be seen from The designed coatings will allow an optimized use of wood in living spaces due to improved 277 resistance to liquid water and enhanced moisture buffering ability. The increased hydrophobicity 278 of a wood surface may allow it to be used in wet spaces and possibly make it easier to clean and 279 maintain.
280
Conclusion
281
The hydrophobization of a wooden surface was achieved through coating with wax microparticles 
291
In this work, an example was shown using wax microparticles. Project. This work made use of Aalto University Nanomicroscopy Center (Aalto-NMC) facilities.
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